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ABSTR/iCT 


"This  ir.  the  second  of  tvo.pcncral  cl  arses  of  nodcls  for 
pviidinr;  IT.O  plr.nnir.p  in  the  II. S.  '.’avy’.s  civilian  wor!;forco.  The  first^^ 
called  the  Ti  K0> (Flcnibl e I>;i;al  Hi'.pl oyn'.ent  Oppor tunitv)  Model,’''.,prcvi Jos 
overall  guidance  for  sv.cli  plans,’  The  present  one , pea  lied’ tiie  Coherence 
Model,'' is  designed  for  r.ore  detailed  application  in  vays  which  tie  into 
ITihO.  Togetlicr  they  -there.f orei^provide  a nulti-level  approach. 


y< 


Botli  models  utilisG;a  goal  prograrrning  approach  \;ith  er.heddcd 
Markoff  processes.  Th.c  Coherence  Model  CTiboclics  a new  usage  of  pieco- 
v/i.sc  linear  goal  functionals  witiiy^'artifacL  r,oals"^  to  appro;:i;ja to  the 
•transition  relations  of  tiie  Markof^f  processes.  Othen  relations  or 
constraints  as  well  a5<  objectives  can  be  tre  ated  in  thi.s  manner  to  thereby 
obtain  a distribution  format  with  a nonlinear  functional  (with  linear 
equivalent)  for  vhic'n  .available  current  algorithms  guarantee  integtr 
solutions.  The  matlicm.atical  dcvclopm.ent  needed  to  acliievc  this  reduction 
is  provided  .'iJong  with,  a inim.cricai  (two-period)  exam.nle  which  il  lua tr.a tes 


the  dynai.;ic  ('*.ulti-perii.''d)  aspects  tiiat  r.ct’J  to  be  considcrc 


plan;m  This  i.s  follo'. 


by  di.scussion  and  e.-t^-plec 


■Ci  in 


of  the  Itind;. 


.sue!' 
of  1.  an:i; 


ment  reporting  syaLec.r-  that  r.lgh.t  bo  utiLited.  , Tnc  methods  develorod  bt-re 
are  fx-r!  f'ctly>oonornl,  of  cenrre,  and  so  othei.  -pvtencial  an;)licat i ons  ct 
this  i.od^-1  to  areas  lil.e  personnel  prciaotion  planning,  etc.,  are  also  i ' 
briefly  noted. 
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I.  INTRODUCTION 

An  earlier  paper  [?)  set  forth  an  Equal  Employment  Opportunity 
(EEO)  Kodcl  for  J'anpower  rianuing  in  the  U.S.  Navy.  Consisting  of  Marhoff 
process  elenents  embedded  in  a goal  programming  framevork,  this  might 
better  be  called  a Elexiblc.  I'.qual  Employment  Opportunity  (FiNlO)  Model 
because  of  tlie  way  in  v.hich  the  elements  are  altered  to  provide  flexibility 
for  achieving  day-to-day  manpower  goals  of  the  organization.  The  latter, 
l.e.,  the  short  range  g.oals,  are  to  be  met  "as  closely  as  possible,"  in  the 
sense  of  "goal  programming."  — ^ trnilc  this  is  being  done,  however,  the 
transition  probabilities  of  promotion,  transfer,  etc.,  are  also  to  be 
altered  so  tiiat,  in  lime,  the  "correct"  mixes  of  personnel — male,  female, 
minority,  non-minority,  etc.--  will  be  achieved  (also  as  closely  as  psssilvlc) , 
but  in  v.-ays  wb.ich  arc  consistent  with  accomplishing  the  first  set  of 
(day-to-day)  working  gcals  in  the  best  possible  manner. 

The  model  we  have  just  described  is  intended  for  comprehensive 
guidance  at  aggregate  tevnic!  tp  the  civilian  m.anpc’..’cr  planning  efforts  of 
the  Navy.  Somctliing  further  is  required,  liowcvcr,  \.dien  dealing  v;ith 
Individual  or  "almost  individual"  assignments  at  the  micro  levels  of 
local  insi'illations  and  opcimtions  — such  as  shipyards,  laboratories, 
etc.  — and  thi.s  is  the  purpose  of  the  present  paper. 

Tlic  model  wo  shall  new  describe  is  directed  to  these  ends,  but 
in  ways  wdiich  are  coherent  witli  the  earlier  aggregative  mxlcl.  As  we  shall 
see,  this  involves  the  development  of  a new  nonlinear  mod'l.  The  latter  in 
turn  is  transformed  in  a v/ay  which  provides  access  to  the  extraordinarily 
fast  and  efficient  algorithms  tiiat  are  now  available  for  capacitated 


-2- 


dlEtributioii-aiiSigntncnt  niodelE.  This,  we  may  observe,  opens  the  way  for 
developing  interactive  or  conversational  computer  capabilities  for  use 

by  management  in  guiding  manpower  planning  efforts  at  both  micro  and 

1 1 2/ 
macro  levels.— 


II.  noTATioN’  a:;d  modll  uf.tails 


Leaving  aside,  at  least  for  the  moment^—  the  ways  in  which  the 
macro  and  micro  models  are  tied  into  each  otlicr,  we  turn  to  the  details  of 
tlie  latter  in  the  develop:;. ent  that  we  now  introduce.  Ue  are  looking  at  a 
colierent  transition  from  an  aggregative  dynamic  model.  Our  require.ments 
for  personnel  of  each  category  (e.g.,  black  male,  white  female)  in  job 

1 In  period  t arc  here  derived  by  proportionality  factors  p^’  for  category 
in  job  1 of  the  amount  a^(t)  detailed  by  the  aggregate  model.  The  model 
structure  we  arc  al)out  to  set  down  applies  to  any  determinate  n.ode  of 
derivation  of  these  personnel  requirements  from  the  aggregative  data.  The 
furtlier  internal  Markoff  transitions  from  job  to  job  \;ill  not  appear 
explicitly  in  the  model  structure.  Instead  they  will  be  ncronod;i t<^d  within 
the  format  of  a capacitated  distribution  model  by  means  of  "artifact  goals" 
and  nonlinear  convex  goal  functionals. 
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Go-c^;llc-J  "Lransli  ii)r.!cnt"  device  whicli  is  used  to  po  from  network  to 

it/ 

distribution  model  iorr.iat.— 

One  further  c..am.i)le  nay  serve  to  clarify  the  general  notation 
and  structure  we  are  about  to  introduce.  In  Figure  2 we  indicate 
quantities  on  the  rims  of  a 3-period  model  in  v.liich  a typical  distributional 
variable  is  entered  into  each  unshaded  cell  block.  The  cell  blocks  which 
arc  shaded  arc  excluded  from  receiving  any  entries. 

To  understand  the  entries  in  Fig, are  2 and  to  deal  with  the 
general  case  as  well  we  let 


oL  . . . 

x^j(t-l.t) 


number  of  personnel  of  category  transf erring 
from  job  i in  period  t-1  to  job  j in  period  t. 

tlie  "transhi;i;:icnt"  amounts,  e.g.,  the  number  of 
personnel  in  category  not  transitir.g  into 
job  j in  period  t. 


We  complete  the  definition  of  arbitrary  time  period  t^^  and 

t_  by  setting 


p)  for  t,r  t,,-! 

(1.2)  x^  (t,,  t„) 

^ LO  for 


In  this  way  wc  have  provided  the  notation  for  the  general  dyadic  format 
that  wo  nov;  develop.  In  this  development  only  the  diagonal  and  ima'.ediate 
sub-diagonal  blocks  of  cells  can  contain  non-zero  entries. 

We  arc  now  in  a position  to  present  the  structure  for  our  general 
dyadic  forDiat  over  N periods  as  in  Figure  3,  below.  Here  we  have  omitted 
the  shadings  since  the  possible  non-zero  variables  have  already  been 
explained.  Observe  that,  as  before,  only  the  diagonal  and  immediately  sub- 
diagonal  cells  can  receive  non-zero  entries. 


For  clarity,  Figure  3 or-iita  rows  and  coin:  na  vhlch  will  be  needed 


(cf.  Figure  12)  to  acccnir.oJate  tranr.fers  to  and  fron  the  "outaide"  a:5  well 
an  redundant  rim  data  which  will  be  needed  to  accor-iodnt>  the  nonlinear 
goal  functions  wiif:n  we  finally  proceed  to  our  dlstiihution  forrat. 

In  the  r.odel  we  are  developing,  the  transfers  x^1(t-l,  t)  are  to 
conform  "as  closely  as  possible"  to  an  organisation's  promotion  transition 
experience  (or  policy)  — here  represented  by  the  llsrh.off  transition  matrix 


(2) 


H-  (My), 


where  ILj  equals  the  proportion  in  job  i in  period  t-1  transiting  to  job  j 
in  period  t.  To  develop  our  "artifact  goals,"  which  must  be  in  terms  of 
numbers  of  p .rsonncl,  we  enploy 


(3) 


t)  ^ /p^^a.Ct-l)  M..^ 


to  guide  our  choice  for  >mh(t-l,  t)  wh.ore  appropriate,—^  Here  the  notation 

^u^  means  tlie  smallest  integer  not  less  than  u. 

We  rdiall  generally  be  concerned  with  convex  artifact  goal 

functionals.  The  structure  and  algor ith.nic  solution  procedures  which  we 

shall  be  utilising  must  guarantee  integer  solutions  for  tlie  (t-1,  t)  and 
cJ 

Xjj(t,  t).  Therefore  wc  shall  employ  as  our  convex  goal  functions  continuous 
piecewise  linear  functionals  with  changes  of  slope  only  at  integer  points. 
Thus  using  results  from  some  of  our  past  work,— ^ we  can  set  up  an  equivalent 
(but  larger)  ordinary  distribution  model  thereby  preserving  all  of  tlie 
advantages  that  such  models  now  provide. 


5/ 

— For  example,  except  for  those  variables  not  corresponding  to  Il.irkoff 
transit  ions . 

- See  I3J,  Chapter  XVII. 
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It  may  be  helpful  here  to  consider  the  model  forr;at  In  figure  1?.. 
Because  of  Its  small -size,  letters  0,  C,  T,  A rather  than  nunhers  are 
employed  to  nncmonicall y designate  the  "jobs"  as  follows:  0 = outside, 

C = clerical,  T = technical,  A = administrative.  The  cells  corresponding 
to  Markoff  transitions  have  their  "artifact  goals"  (as  in  (3))  designated 
within  the  double  lines  in  the  northeast  corner  of  the  cell.  Transshipr.ient 
cells  appiar  in  the  southwest  portion  of  tlie  array  and  the  northeast  (shade,!) 
portion  exemplifies  the  first  restriction  of  equation  1.2,  nanely, tdia t no 
transitions  arc  perr.iitted  from  one  period  to  a period  beyond  t'.ic  r.c;-:t. 

To  simplify  the  present  discussion,  n-c  shall  omit  the  M..rhoff 
transition  elements  to  0 from  C,  T or  A.  Me  shall  also  employ  only  two 
pieces  in  our  pioccwice  linear  goal  functional.  V.’e  shall  then.  c::’.;ibit  our 
procedure  for  a 2 .x  2 (t’.;o  origin  - two  dor tinatior.)  distribution  e-:arple. 

The  extensions  to  tlie  general  i.i  x n case  will  tiicn  be  clear. 


Figure  4 below  provides  sucJi  a 2 x 2 example.  It  lias  t’lc  networi: 
representation  show.a  in  Figure  5.  A.s  shown  in  [3]  — to  accommodate  a two- 
piece  linear  (convex)  functional  on  the  branches  from  and  (?)  to 

and  (7)  , we  dovible  tlie  nua.ber  of  branches  and  place  an  individual 


upper  bound  (indicated  by  ( 
us  from  Figure  5 to  Figure  6. 


) on  the  flow  in  half  of  them.  This  move: 


We  next  reduce  the  network  in  Fig.urc  6 to  an  equivalent  transhipm. r.t 
form,  as  in  Figure  7 where  the  transhipment  m.odes  arc  represented  by 
and  (4j)  . The  corresponding  dyadic  form  is  then  shown  in  Figure  S.  The 


Individual  bounds  which  were  represented  by 


in  the  nctv.’ork  arc  nov 


Indicated  by  \ in  the  corresponding  cell.  The  cells  (3',  3')  and  (4',  4') 


Cf.  Chapter  XVIII. 
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arc  tiic  corr r.jiondinj’  tr.infiliipracnt  cells.  In  this  nanner  we  have  noved 
from  Fip.ure  h to  Figure  8 whicli  is  also  in  distribution  format.  The 
capacitated  and  transhipment  cells  in  the  latter  figure  now  acconjr.oda te 
the  non!  incar  iti  .-s  in  a way  whicli  guarantees  integer  solutions  from 
integer  rims. 

The  general  rule  is  now  clear.  V.'o  augment  each  destination 
which  is  to  receive  two-piece  nonlinear  (but  piecewise  linear)  functional 
flows  by  Introducing  a "primed"  destination  and  we  augment  the  origins, 
one  for  each  pri!.:cd  destination.  Th.c  availabilities  at  tlie  primed 
orig.lns  arc  those  of  the  original  destinations;  the  receipts  at  the 
prin.ed  destinations  are  those  at  the  original  destinations.  V.’e  allow 
flow  in  only  two  cells  of  each  priir.cd  origin  row:  the  (prim.ed,  original) 

cell  and  the  (pri.ned,  prir:;ed)  cell. 

If  our  dyadic  form  is  n x n,  then  the  nrw  dyadic  form  will  be 
(m  + h)  X (n  + h) , wliero  h is  the  number  of  primed  origins  or  destinations. 

V.'c  obscive  that  an  "active  basis"  — can  always  bo  taken  to  contain  all  the 
(jirin.cd,  primed)  cells  and  all  the  (primed,  original)  cells.  In  this 
designation  of  a cell,  the  first  clemc:nt  of  the  jiair  denotes  row  (or  origin) 
and  tlic.  second  denotes  column  (or  destination). 

To  establish  what  we  have  just  said,  note  first  that  an  active 
basis  for  the  original  form  has  m + n - 1 mend>ers  and  one  for  the  new  fora 
has  la  H-  n - 1 + 21i  liiembcrs.  This  means  that  there  are  2h  of  (primed,  primed) 
and  (primed,  original)  cells. 

Observe  that  if  there  are  no  (original,  prinud)  cells  in  the 
active  basis,  it  represents  a solution  for  the  original  dyadic  form,  bunco 

y 


See  [3],  Chapters  XV  and  XV'I. 
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It  coiuaitis  an  nctivt;  ba.sJs  of  m n - 1 ncnibcrs  of  (original,  original) 
ccl]  tyi'O.  Tlic  2h  colls  of  (priireJ,  original),  (prir-.td,  primed)  tlion 
connect  proper ]y  via  original  columns  to  make  op  an  active  basis  for  the 
new  dyadic  form  .since  the  number  of  mcnibern  is  now  n + n - 1 + 2h. 

Observe  further  that,  since  the  functional.s  are  convex.,  an 
(original,  original)  cell  is  always  better  than  an  (original,  primed)  cell. 
Thus,  an  (original,  priir.ed)  cell  need  be  cniuloyed  only  if  its  corresponding 
(original,  original)  cell  is  at  its  upper  bound  and  hence  not  in  tlie 
active  basis.  Therefore,  the  total  number  of  (original,  original)  and 
(original,  primed)  cells  in  the  active  basi.s  remains  at  m + n - 1.  The 
connection  needed  for  basis  spannir.g  is  still  at  hand  v;ith  the  2h  cells 
of  (original,  original),  (primed,  original)  type  but  in  the  sequence 
(original,  primed),  (primed,  primed),  (primed,  original)  in  place  of 
(original,  original),  (primed,  original),  (primed,  prii.cd). 

Tfiese  last  rei,.arks  generate  a nev.’  r:udif  ical  ion  of  algoritiimic 
procedure  (e.g.,  special  primal  methods)  v.diieh  can  .^pted  computations 
substantially.  Here,  however,  v;c  direct  our  attention  only  to  the  FLL9 

i:' 

Kodel  wliich,  as  noted  in  section  I,  is  the  focus  for  this  paper. 

III.  NUMERICAL  EX.VMPLE 

We  shall  consider  two  categories  ed.  = 1,2,  (e.g.,  females  and 
inale.s)  and  t = 0,1,2.  For  job  categories  we  let  i,j  = 0,1, 2, 3,  where  the 
last  three  indices  correspond  to  Clerical,  Tcclinical,  and  Administrative 
and  0 corresponds  to  Outside  (the  organization).  For  ease  of  cor.prehcnsion 
in  our  simple  c.xample,  we  sh.ill  use  C,  T,  A,  and  0,  however,  instead  of 


the  numerical  indices. 
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Figuro  9 provider;  Llie  pcrtiiii-nt  nuncric.-i]  values  for  the  clcineuts 
of  M,  the  Marlcoff  iratrix  vc  shall  ii.se  i:i  tliis  cxai:p]c.  Figure  10  supplie.s 
the  p^’ values.  Figure  11  provides  the  a^(t)  for  each  of  the  indicated  jobs 
and  periods.  Finally,  Figure  12  desigiintc-s  the  nonlinear  goal  progranniing 
node]  with  constraints  rcjir  e.sentcd  in  disLribul  iem-assigntnent  fornat. 

The  details  in  Figure  9 conform  to  ih.e  characteri Stic  MarV;off 
matrix  conventions  in  which  each  rov;  consists  of  non-negative  elf.'.ents  that 

9 / 

sum  to  unity,—  The  letter  designate s the  column  of  transition  rates 

for  "natural  attrition."  V.’e  distinguish  between  this  and  "forced  attrition," 
the  latter  being  designated  by  "0."  As  noted  above,  the  sy'r.ibol  "0"  stands 
for  "outside  the  organization." 

Ii.  Figure  10  the  actual  p^'  jiroportions  are  obtained  from  the 
"on-board"  starting  population.  The  desired  proportions  represent  policy 
statements  conciTning  de.sircil  nixes  of  personnel  for  the  future. 

The  a^(t)  in  Figure  11  are  obtained  from,  the  nggreg.-'to  FEED  uo.'el, 
where,  ns  already  noted,  i inde>:cs  the  job  type  in  C,  T,  or  A,  v.diilc  I 
designates  the  period  designated  for  the  aggregated  workforce  goals  — i.e.. 
the  pcr.sonncl  goals  establisiied  by  reference  to  the  tasks  to  be  performed  in 
each  relevant  category  and  period.  Combining  these  a^(t)  values  v;ith  the 
p^'froia  Figure  10  produces  the  amounts  shown  on  the  lines  of  Figure  12,“^ 

The  location  of  nonlinear  goal  functional  cler.euts  is  indicated  in  the  l.itter 
figure  by  the  cells  v/ith  numerical  entries  representing  go.il  values  enclosed 
in  double  lines  in  tlie  upper  right  hand  corner. 


9/ 

— In  thi.s  way  we  depart  from  the  conventions  em.pl  oyed  in  som.e  of  our 
earlier  reports.  Sec,  o.g.,  [4]. 

— ^ E*g»»  525=. 73(700)  is  the  goal  for  fem.-ilcs  in  the  Clerical  category 
for  period  1,  as  established  by  reference  to  the  pertinent  cells  of 
Figures  10  and  11,  while  1 5o-- . 35  (4  50)  rcpreneiUs  the  p,oal  targeted 
for  fennlc.s  in  tlie  Tciimic.il  entegorv. 
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Recall  that  LhcJic:  nonli  tit  ar  functional  elcra.nts  were  introduced 
for  the  purpose  of  producing,  a chanp.e  of  fonnat  from  one  v;ith  a complex 
natrix  structuic  to  one  with  tiio  Gir.ple  structure  of  a dy.ndic  or 
distribution  r.oc'ol.  v.'c  thereby  replaced  tlie  original  constraining  relations 
by  "artifact  goals"  in  nonlinear  goal  functions  to  secure  approximate 
equivalence  between  the  more  complex  embedded  ILarkoff  constraint  structure 
in  our  original  goal  programming  I'iCLO  model,  and  tiie  simpler  constraint 
structures  of  our  new  distribution  type  mode].. 

To  better  understand  tlic  significance  of  tliesc  "artifact  goals" 
we  refer  to  tiio  numbers  tliat  are  reprtsented  as  entries  v;ithia  the  double 
lines  in  tl.e  upper  rigiit-hanJ  corners  of  some  of  the  cells  in  Figure  12. 

For  specific  reference  we  may  use  the  value  420  which  appears  within  the 
Clerical.  (C)  ce-lls  going  from  t-0  to  t=l.  To  obta.in  this  value  we  proceed 
as  fcillows.  Via  the  Ibaiboff  T:...tiix  of  Figure  9 wc  first  observe  that  704 
of  al  1 Clerical  personnel  will  rei.,ain  in  tlwit  category  from  one  period  to 
another.  Moreover,  there  is  r.o  inflow’  into  Clerical  frora  either  the 
Technical  or  Ad-..iniatrativc  categories.  Hence,  wo  appl>  the  pertinent 
transition  probahil  1 1 ie.;  in  a very  cirple  way  to  Llie  period  0 total  of  675 
persons  in  this  category  from  Figure  11  to  obtain  472 . 5=. 7 (675) . Tlien  to 
obtain  the  expected  flo\;  of  f cm. .a lo  personnel  in  tliis  category,  we  refer  to 
Figure  10,  \'iierc  we  observe  that  .£9  is  the  relevant  proportion  to  use. 
Hence,  we  secure  the  wanted  420“. 89 (472 . 5)  as  tlie  pertinent  value  for 
entry  witliin  the  double  li’ies  of  this  cell  just  a.s  in  Figure  12. 

This  420  is  the  "artifact  goal"  and  it  is  employed,  as  previously 
elaborated,  in  tlic  form  of  an  individual  upper  bound  in  accordance  with  our 
proccdur»'s  for  handling  piecewise  linear  convex  functio’.ials  in  distribution 


-10- 


probloMfi.  In  this  case  the  artifact  goal  correr  i>oi,.ls  to  the  norri-.al  flo;.- 
value  helvecTT  the  pcriod.s  L=0  und  t=l  for  fenalc  r ;.;i)leyr;:ent  In  the 
Clerical  category.  Here  the  artifact  goal  represeutr.  the  uorr.-.al  flow  of 
female  personnel  into  this;  category.  This  device  r.ay  also  be  used  to 
project  n.anager.ieut  reoj i rements  explicitly  for  other  purposes  as  well,  of 
course,  V>ut  at  the  expense  of  enlarging  the  dyadic  fornat.  On  the  other 
hand,  recent  devel  opa;ent  s in  algor  ithr.iic  comb  ina  L ions  and  coniputer  codes 
r.al.G  the  coa.pulat  ional  costs  of  such  elaborations  relatively  inexpensive, 
and  so  we  nay  rcp.ard.  tills  I.ind  of  modeling  strategy  as  suited  also  to  these 
possible  further  ur.e.s  and  extensions. 

The  array  of  I'igurc-  12  i.jst  be  transforr.ed , in  a iiianner  analogous 
to  our  exarple  In  going  from  Tigure  4 to  figure  8,  in  order  to  obtain  an 
equlvalci.t  distribution  assignment  forr.i.it  with  lin.ear  f enc ric.i'.als . This  is 
done  in  ilgnrc  13.  Note  tlie  use  of  the  "h  columns"  in.  the  latter  figure 
to  distinguish  "r.atural  (or  Marlioff)  attrition"  from  the  "forced  attrition" 
which  is  designated  in  tlie  "0  columns."  Tlie  designation  of  0 for  rows 
corresponds  to  "outside"  sources  for  additional  person.uol . 

IV.  SOLUTION  A’d!)  ir.TEUrR’dTATlO'.; 

As  mentioned  initially,  one  of  the  major  reasons  for  developing 
this  model  In  the  form  of  a distribution-assignment  type  was  to  guarantee 
that  solutions  t.ould  he.  in  integers.  It  follows  that  any  extreme  point 
method  of  solution  v;ill  produce  integer  results.  For  this  examiilc  wo  have 
employed  the  "stepping  stone  method"  along  with  the  row-colur.in  number 
procedures  described  in  Cliajiter  XIV  in  [3],  which  in  turn  have  been 
Incorporated  ns  part.s  of  tlie  high  speed  coi.;imter  codes  developed  in  [6]  and 

17]. 

II  ^11  III  -i rr 


• Tlio  iiun.t  r i I'.'t ] tnlri-.  G in  tlie  ct  ll.s  ot  ]'i;',uro  ] 'i  roi  i t ^por.i]  to  a 

r.olutlon,  as  may  bo  vcrii'it.l  by  sum; li r.;;  to  the  ri;j  totals.  The  rov-colu;  ii  sum 
"mirabi.  I are  rcprc  r-.c-ntcd  on  rlie  left  an.l  at  the  top  of  Figure  13  via  their 

symbolic  values  of  0,  il,  -I’+li-l,  etc.,  as  tl ifscius.seti  above.  Ciiecl.ii.g  these  v.’.Jucs 
against  t!;e  vacant  cells  a.-i.i  t’uose  indicated  with  bars  above  tiu-m  --  to  Indie. 'to 
that  Uioy  are  at  their  up;.er  hound.;  — will  coiifii:',  that  this  progra;,-.  is  optimal. 
Tliat  is,  none  of  Llie  vacant  cells  cr.n  le  augmented  to  a positive  program  v,*lue 
and  none  of  the  b.irred  value.s  can  he  reduced  without  increasing  the  total  of  the 
devJ.alicnu  from  the  prcscrihtd  goaif..^^^ 

Tiie  availability  of  these  rov.'-colunn  su.;;  nir.hers  pjrovides  tlic  Lasi.s  for 
the  usual  "dual  evaluator  aita.i  ysis , " and,  as  io  veil  knovny—  those  disal 
evaluator:;  provide  a convenient  v;ny  of  .studying  potential  program  responses  to 
cliange;-:  in  the  goals  or  otiicr  policy  cond.i  t ions . Inst.e.id  of  following  thc.se  well 
known  patln;,  however,  we  turn  rather  to  a consideration  of  tlie  kinds  of  inan.ager.c  nt 
reports  tiia.t  i.iig.tit  he  prepared  from  these  results. 

In  thit;  case,  i.e.,  Figure  13,  wo  have  d ■■si gn.it ed  namcrical  values  for 
the  function.al  coefficients  wiu.rc  they  appear  in  tlie  upper  left-hand  corner  of 
the  peitincnt  cell:,  only  foi  slack  or  transhipment  coll;;  as  zero  and  as  -1  for 
the  ceils  corresponding  to  being  under  (i.e.,  beloi.’  or  equal  to)  t'ne  goal  values. 
Here  these  goal  values  arc  the  individual  upper  boun.1'',  as  distinguished  from  the 
use  of  double  lines  for  the  bounding  values  in  Figure  12  wliich  were  associated 
with  the  nonlinear  nature  of  tlie  goal  functional. 

The  coefficient.;  "F"  correspond  to  these  penalties  whicli  are  associated 
with  j/ollcy-directed  ch.ingcs  in  the  Markoff  transition  rates  that 
pernil  additional  transfcr.s  or  retentions  of  positions  beyond  those  v.’hicli 


I.e.,  ajiart  from  the  cell  associated  \/ith  T-T ' in  going  from  period  1=0 
to  t=l,  which  has  the  entry  "A"  to  indicate  an  alternate  optiivum  i.s 
avail.'ible  there. 


Sec  [3]. 


v.’oiilu  normally  lu:  pruJuci-J  by  the  ory.ani:;al  ion.  I.'oto,  for  inr.t.'nice,  tb.at 
^(20  ill  tlic  Cell  C in  p.oiny,  fron  L-  0 to  t~l  r.^’.'in;;  th.it  tin's  (norn:.jl  flfr,.) 


value  ir.  at  its  upper  bound  so  that  tlii;;  artifact  p.oal  is  achieved.  An 
addition  of  four  more  fc-r.ales,  bowevoi',  is  plr.r.ued  at  a penally  rate  of 
"P"  i>er  unit  via  the  cells  C to  C'  in  these  .sarjc  perirds  in  order,  thereby, 
to  reduce  the  deviation;;  f ron  tb.e  real  poal,  \;hicii  is  not  achieved. 

The  coef f ic i c :i t s "R"  in  rij;uro  13  refer  to  hipji  penalties  for 
Reductions  in  Force  (i.e.,  forced  attrition)  and  tlie  coefficients  "II"  refer 
to  p.uch  s.n.illcr  p._naltics  incurred  hy  hiring  frou  the.  outside.  For  this 
cxar.ple  we  specifically  a:,su:ce  tb.at  U i.n  largci’  t'nan  any  combination  of  I! 
and  P. 


In  order  to  assure  tliat  tb.e  cmj'Cc t c .d  n.atural  attriticn  is  allo’..-cd 
for,  tlio  coefficient.':  R arc  con.sideri.d  to  be  an  ord.:r  of  magnitude  lai'gcr 
than  R.  Since  this  dct'^v:;ines  tb.e  (■•ntrirs  in  the  R colu.uns  co:.plet>l>,  •v.’e 
bave  re.-;iovcd  the;,  from  fun'ner  co;i.sideraticn  in  tiu-  co.'.nulat ions  by  r.c.nns 
of  the  lir.e  drawn  fro;n  the  lower  left  to  Llic  uppt'r  right  hand  corii‘:'r  of 
these  colu.-;nnr  arrays  of  cells.  In  tb.is  exanplc  the  "Rrww"  is  not  needed 
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and  hence  is  c.;nitti.d  entirely. 

V.  M'diACL'IdRT  USR3  ARD  RCPORTiR'C  SY.SIFMS 


One  use  of  n.odels  like  the  above  is  in  forr.ulating  plans  at  base, 
or  other,  levels  in  ways  that  also  tic  into  overall  plans  such  as  those 
provided  by  the  FahO  model  dl.';cu.';sed  earlier  (in  section  1)  in  this  isipcr. 
Another  is  in  terns  of  lielping  to  structure  a syste:;!  of  reports  which  can 
be  used  a.s  guides  to  down-tlu -lino  nanagers  and  (s i:;;ul  t.'jneously)  as  a basis 
for  decisions  by  the  per.son.s  rc.sponaible  for  overall  plans  niKi  guidance. 
FIn.illy,  they  can  be  used  to  provide  reports  to  otliers,  including  persons 


I Cl  .i'-  ii'U,  \wit)  i-.i(,hL  ii'/  ; n ; ci  1.  r.  Led  i ;i  id,')  (..li.l  utii’i;  j;;, oi 
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peruoMu  1 pi  aniline. 

Evidc'iUly  the'  topic  of  report  pri-paracion  and  itr;  relation  to  plar.ni:;^, 
etc.,  Is  a broad  one  in  i to  ovn  ripht.  V.'e  do  not  pro;>oae  to  cover  thin  topic 
coiaprehenn  i vel y here.  Instead  i;c  shall  jirovlde  soi.’c  supr.cstive  iJ  Instraticn.; 
which  can  serve  one  or  more  of  the  pnifoses  indicated  in  tlie  preceding  paragraph. 

V/c  sliall  do  so,  moreover,  in  a v.ay  tlint  can  also  help  to  provide;  further  illumina- 
tion for  the  develoiv  ents  covered  in  the.  procelinp  section. 

Fipureal^i,  15  and  16  provide  .such  illustrations  drav.n  frora  the  results 
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portrayed  in  ripurc  13.  Th.c  first  o*"  these,  i.c.,  Fipurc  14,  represents  tlu; 
"optinal"  plan.  As  drawn  froi;;  Figure  13,  these  refer  to  the  plans,  including  the 
projected  transfers,  etc.,  which  "coiae  closest  to  r.eetinr'  tlie  goals"  set  forth  in 
the  rins  of  Figure  13.  Because  these  data  refer  to  projections  (via  tlie  Mirr.off 
transitions)  r.s  well  a.s  plnnncl  hires,  etc.,  we  have  referred  to  thc.se.  as  projected 
pcrsorr.iel  tr^nsfiTS  in  Figure  14,  Observe,  Cor  instance,  Vb.at  the  data  for  the. 
Clerical,  C,  rov;  at  tiic  top  of  Figure  13  are  rcca-pitulatcd  in  the  fit.'st  rov.-  c;f 
Figure  14,  'ihe  data  in  the  first  Clerical,  C,  colir.n  of  Figure  13  are  also 
recapitulated  in  the  colu.-.n  lu.ad.td  "hor;:.al  i FlexibliF'  ui-.der  the  Clerical 
category  in  the  table  at  the  toj-  of  Figure  14,  I.c.,  th.e  planned  value  of  424 

females  un.h  r "hornal  t.  Flcnihle"  in  the  Clerical  categ.ory  is  composed  of  420 
normal  tran.;fers  plus  4 ir.orc  fenale.s  as  part  of  a specific  nanagcrial  plan  to 
alter  the  present  state  of  thing:..  An  iuldition  of  95  person.s  from  outside, 
recruitment  then  pro  luces  a total  of  522  persons  --  which  is  sh.y  of  the  525  person 
goal  noted  at  the  botto:.i  of  the  first  C colu.-.n  in  I’igure  13. 

I5ccau.se  two  period.-;  are  involved.  Figure  14  utilizes  two  separate 
tabulation;',  that  arc  drawn  from  the  corresj-.orciing  portions  of  Figure  13.  The 
next  table,  Fig.ure  15,  provide.s  a goal  vs.  plan  corpari.'^on  for  cacli  rclc;vaiit 
pc-riod.  Tliu.s,  in  period  1 the  rec.'.;> I tulation  from  Fig.ure  13  now  displays  the 


di.screpancy  lu  tween  i>l.an  and  goal  — i.o.,  the  projected  vs.  woiklo.id 
requirement  .anoimts  --  as  dr.'.wn  f.-ei’  tlie  .sin;,)''  "tran;  l:ipr.e!;t  cell"  outlinv.J 
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There  is  uiort;  to  be  c :;.;'hsi.  in  tiie  v.-ay  of  intogrnlcd  report:; 

for  this  kind  of  rri  1 1 i pK -per  iod  planning,.  Hence,  ve  provide  an  exarple 
of  what  else  right  be  utilintd  for  thei.e  purpore;;  ia  Figure  Ifi.  The  idea 
in  any  case  is  to  provide  adequate  detail  on  t'le  'plan.;,  the  goals,  etc., 
in  each  iniiod  I>ut  in  a way  that  also  e.;piia.s  i ;’,e.  a lli:t  an  alteration  in 
any  one  period  (of  plans  or  p.oaJ.s)  al.so  lias  con.sequcs'.co  for  the  other 
jH-.riods. 

These  tabulations  an.d  figures  are  intended  only  to  illustrate 
the  kin. Is  of  coi'isitlerations  Ib.at  need  to  enter  into  the  design  of  any  such 
.systen  of  reports,  .‘.de.quato  detail  is  evidently  nee. led  for  ti.anage-.ent  to 
iindf.  rst.and  fully  what  Jr.  planned  for  accoi.-plishncnt  ar.d  liow  t!;c ; e plans 
relate  to  the  goal,::  for  each  pe  riod.  Progress  toward  stipulated  < .jals 
over  a se.qiience  of  piiriods  also  needs  to  be  del  i ne.a 1 1 . Here  wo  have  sinply 
illi’Strited  a t'.;o-|criod  ca.ne  for  fcnaalc'-  only.  Tl.i  i.ee.l  for  cnt>..d:ng 
this  to  other  a;;p<.ct.''.  of  HHO  pi. inning  an.l  fer  accor-:od.'.  t i ng  trora'.i  tions 
(i.e.,  prc;..otions)  fron  one  job  level  to  another  \.ithi;i  each  pcitinent  jc!-. 
category  is  .also  evident.  I’lic  .sr:r.e  principles  \.’ill  apj'ly,  of  course,  hut 
there  is  alr.o  .an  additioi.al  need  to  eniaure  that  the  re  ulting  reperts  are 
sufficiently  siw.ple  so  that  they  c.an  bo  easily  ur.lr.i;;:  oeJ  an!  u'n.d  ]>y  persons 
who  are  interested  in  the  details  of  such  iirograps . 

VI.  SH.’hbMtY  AHD  COHCLL'Sl OHS 

V.’o  have  nt-.;  covered  the  i.'.ost  lecent  in  a sirics  of  rcsi.  .irehes 
dealing  with  r;ode:ling  for  EHO  plans  which  can  be  .succinctly  su.aaiar it ed  as 
follow.').  First,  we  provided  a rodol,  called  FV.HO,  which  can  be  used  for 
overall  r.F.O  pla:;ninp,.  Next,  as  discus;;cd  in  tills  p.ipei-,  we  h.tvo  provided 
a model  for  more  detailed  application,  e.g.,  at  ba.se  or  other  levels,  v.liich 
is  consi.stent  v/itli  --  or,  more  precisely,  cohifont  — Ihi.s  PFrO  uodol. 
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V'c  have  liulicated  hov  Lhi;:  node]  can  be  utilized  ns  p;irt  of  an  integrateil 
ple.nr.ini^  systi  n cn:t  cnid  iriv,  over  a se';uence  of  jicriods.  V.'e  tiave  also 
indicated  how  it  can  be  used  an  a puide  for  a 5;uitr.blc  nysteai  of  nianaj;e:..ent 
reports . 

Tliis  docs  not  ine/m  tiiat  the  above  modeling  effort  is  intended 
as  the  one  sole  a;-proacli  to  thin  complt;:  nericn  of  problems  even  in  a 
sinf'.le  orp,.!ni .-a t ion . It  can  be  supplcr:;ental  or  replaced  in  a variety  of 
appl  I ca  L ion;. . For  instance,  one  v.’ould  r.ot  want  to  use  it  in  small 
inslal  lar  ions  or  in  situations  v.iiere  a great  deal  of  turlnilenci.  indicates 
tliat  the  transition  prul)abilj  ties,  etc.,  are  likely  to  be  unstable  and 
hence  r.ot  to  be  relit.d  on  for  the  projections  embedded  in  thcr-c  rodcils. 

On  the  other  hand,  the.ee  riOdelr;  can  be  used  in  a variety  of 
additional  w.nys.  For  insla:cc,  they  r.ig.ht  he  u.''i.d  as  guides  for  plans  or 
for  report*:  over  .1  collection  of  such,  sr.all  units.  They  can  also  be 
readily  adapte.l  to  pro!)lems  like  p/er.*' onnel  prerrotion  planning,  etc.,  an.d 
other  .‘  uc’u  functional  parts  of  a total  pel  sonnel  i)l.'i;nn'ng  systc.a.  Ho'..’  and 
in  vhat  form  t!u  .ne  additional  applications  or  uses  miglit.  be  made  is  itself 

i 

a subject  of  further  continuing  research  w’.iich  we  si. all  report  on  at  oth'.r 
occasions . 
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